Developing an understanding of fractions is critical and is an educational focus, as reflected in national standards and principles. This study conducted a quantitative synthesis of 22 experimental studies to investigate the overall efficacy of previously conducted fraction interventions compared to standard instruction. Instruction type and achievement level were used to examine variations of the effect sizes. The results indicated that intervention was more effective than standard instruction only in problem-solving domains, and the effects were differentiated by instruction type and achievement level. This study provides a diagnostic view of the current state of U.S. mathematics education on fractions, along with insights for future directions in fraction instruction, particularly focusing on students with mathematics difficulties. Educational implications and limitations are discussed.
Developing an understanding of fractions is one of the biggest challenges in students' numerical development and plays a predominant role in learning mathematics. Many studies demonstrate the importance of learning fractions in theoretical and educational contexts. In the continuum of numerical development, fractions are theoretically important, as they represent the first intermediary rational number property extension between real numbers and whole numbers (Geary, 2006; Siegler, Thompson, & Schneider, 2011) . Based on that theoretical importance, it is also essential to develop knowledge of fractions in an educational context.
The National Mathematics Advisory Panel (NMAP; 2008) and other researchers (Bailey, Hoard, Nugent, & Geary, 2012; Booth & Newton, 2012; Shellenbarger, 2013; Siegler et al., 2012) reported that knowledge of fractions is a strong predictor for future mathematics achievements; in other words, students who failed to gain proficiency with fractions during elementary school, or early in middle school, tend to struggle in later grades as fractions become more embedded in advanced mathematics domains (e.g., algebra). Additionally, the growing need for and emphasis on STEM education for all students (Hwang & Taylor, 2016) necessitates fraction knowledge because of its common use throughout everyday life. Although research in cognitive psychology on numerical development focused heavily on whole numbers (Geary, 2006; Siegler, Fazio, Bailey, & Zhou, 2013; Wynn, 2002) , recent efforts and attention extend the focus to effective practices emphasizing fractions. This focus is reflected in the national mathematics standards and principles (Common Core State Standards Initiative [CCSSI] , 2015; National Council of Teachers of Mathematics [NCTM], 2008; 2014) .
Despite the crucial role of fraction knowledge, fractions are a notoriously and continuously difficult area for U.S. students across grade and achievement levels (Bottge, Ma, Gassaway, Butler, & Toland, 2014; Hecht & Vagi, 2010; Mazzocco & Devlin, 2008; Mazzocco, Myers, Lewis, Hanich, & Murphy, 2013) . The NAEP (2009; 2011; 2013; showed that performance was even worse for students who struggled in mathematics, including those with disabilities. The report demonstrated that the percentage of students with disabilities who scored below the basic level increased and approached 68 percent in 2015, compared to 23 percent of students without disabilities. Students with disabilities lacked understanding in arithmetic operations involving both whole numbers and fractions. Furthermore, researchers (Bottge et al., 2014; Mazzocco & Devlin, 2008; Mazzocco et al., 2013; Newton, Willard, & Teufel, 2014) also provided evidence that students with disabilities had lower achievement in fractions when compared to students without disabilities. The most problematic areas of fractions included over-generalization of whole number strategies (e.g., adding across numerators and denominators) and errors in conceptual understanding (e.g., ordering) (Bottge et al., 2014; Brown & Quinn, 2006; Hwang, 2016) .
These trends in students' poor fraction achievement over the past 10 years (NMAP, 2008) , along with the difficulties addressed by previous research, raise concerns and highlight the need to determine whether instructional approaches utilized by researchers produced positive student gains. Given the inherently complex nature of fractions, it is understandable that students experience challenges in learning fractions, and it is critical to intensify instruction and intervention in the area of fractions. An important first step in intensifying instruction targeting fractions is a systematic analysis of the current literature on fractions to identify themes to guide the intensification of both instruction and interventions.
Previous Syntheses on Fraction Intervention
Rather than focusing specifically on the domain of fractions, the majority of studies have focused on general mathematics domains for struggling learners (e.g., Cheung & Slavin, 2013; Gersten et al., 2009; Kroesbergen & Van Luit, 2003; Swanson & Jerman, 2006) ; word problems (e.g., Fuchs et al., 2011; Hwang & Riccomini, 2016; Zheng, Flynn, & Swanson, 2013) ; or basic fact fluency (e.g., Codding, Burns, & Lukito, 2011) . Only two syntheses addressed the overall effects of interventions designed to improve fraction achievement and examine effective instructional types for students with mathematics difficulties. Misquitta (2011) reviewed 10 experimental studies published between 1998 and 2008 that examined fraction instruction for students who struggle in mathematics. This review focused on examining the effectiveness of interventions by type (e.g., graduated sequence, anchored instruction, strategy instruction, and direct instruction). Results indicate that interventions that used graduated sequence instruction (e.g., Flores & Kaylor, 2007) , strategy instruction (e.g., Kelly, Gersten, & Carnine, 1990) , and direct instruction (e.g., Jordan, Miller, & Mercer, 1999) were most effective for improving fractions outcomes for struggling learners. Although the studies included in Misquitta's (2011) review demonstrated the effects of interventions for the targeted population, effect sizes (ESs) were not aggregated and compared across intervention types, and students with disabilities and those with low achievement were not differentiated. Shin and Bryant (2015) synthesized the fractions intervention literature more recently, but also failed to disaggregate results for students with identified disabilities and those the authors identified as low-achieving. This review included 17 studies, 6 of which were included in Misquitta's (2011) review, along with 11 additional studies. In contrast to Misquitta's (2011) review, Shin and Bryant (2015) did not classify interventions by type, but rather examined the specific instructional components embedded within fractions interventions. Authors also described other salient features of fractions interventions (e.g., participants, setting, interventionist, duration of instruction), and investigated connections between intervention instruction and objectives and the CCSS (2015) for mathematics. Their results indicate that addition and subtraction of fractions were the most frequently represented standards for mathematical content represented in included studies, and that interventions consisting of concrete and visual representations, explicit and systematic instruction, a wide range and strategic sequence of examples, heuristic strategies, and use of real-world problems resulted in improved procedural and conceptual fractions performance for struggling students. Similar to Misquitta (2011), Shin and Bryant (2015) reported that interventions using video-based real-world problems improved performance on contextualized tests, but not on fraction computation and problem solving. Also similar to Misquitta (2011) , Shin and Bryant (2015) did not aggregate ESs in order to allow for comparison across intervention types.
The present study can be differentiated from previous studies (i.e., Misquitta, 2011; Shin & Bryant, 2015) in several meaningful ways. First, neither previous study disaggregated intervention outcomes for students with identified disabilities or for those classified as struggling, which could obscure the true effect of intervention for students with identified disabilities. In addition, neither previous review aggregated ESs across studies to allow for a comparison of the overall effect of fraction intervention to the overall effect of standard/typical (i.e., business-as-usual) instruction. Further, neither used quantitative moderator analyses to investigate how other study variables may have influenced effects. The present review addresses these gaps in the literature to answer important research questions.
Definition of Variables

Operationalized Definition
For this study, instruction is operationally defined as any instructional trials and attempts conducted in a classroom to enhance students' fraction knowledge, including standard/typical instruction. Intervention is considered a subset of instruction and is defined as instruction designed with a special remedy or approach (instructional scaffolds such as teaching sequence and strategy) based on researchers' theoretical reasons, and is, as such, distinguishable from standard/typical instruction (Riccomini, Morano, & Hughes, 2017) . Given these operationalized definitions, with intervention being special types of instruction devised to facilitate student achievement, the word instruction in this study indicates an upper category of coding variables that includes intervention as well as standard/typical instruction. We, therefore, expect to detect larger effect in intervention than in standard/typical instruction; and established the null hypothesis that effectiveness of interventions and standard/typical instructions are statistically the same (i.e., H 0 : Mean ES of interventions = Mean ES of standard/typical instructions). Furthermore, we specifically concentrated on students with mathematics difficulties and defined this population as an upper group including students with disabilities and students with low achievement in mathematics. This group represents students whose achievement level was two standard deviations below an average in a norm-referenced test, regardless of disability status (Hwang, 2016; Mazzocco et al., 2013 . We summarized our findings for students with mathematics difficulties overall, but also differentiated results by disability (students with disabilities and students LEARNING DISABILITIES RESEARCH 49 with low achievement in mathematics) to examine any unique academic aspects for students with disabilities.
Intervention Type
Misquitta (2008) utilized four instructional categories used from previous intervention studies on fraction, which served as a basis for the current study: (a) contextualized videobased instruction, (b) cognitive and meta-cognitive strategy instruction, (c) multiple representation instructional sequences (e.g., CRA), and (d) computer-based instruction. First, contextualized video instruction refers to anchored instruction that brings the real-life situation into the learning environment. This type of instruction uses video-based problems where mathematics word problems are not explicitly stated or structured, but students are required to explore the situation and determine relevant information to solve the problem. This instruction is designed to enable students to develop intuitions and capability to generalize mathematics knowledge into a meaningful real-life context. Both Contextualized Instruction (CI) and Enhanced Anchored Instruction (EAI) are video-based instructions to foster students' motivation and engagement in solving authentic problems; but EAI is a variation of CI in that it additionally involves several components of explicit instruction (e.g., guided practice) to increase basic skills of fractions and relates hands-on activities in technology classrooms for students to apply mathematics knowledge they have learned in videos to parallel problems. Second, cognitive and metacognitive strategy instruction design facilitates students' self-regulated learning in mathematics by teaching strategies to use when solving mathematical problems. For example, seven-step cognitive training model (read, paraphrase, visualize, hypothesize, estimate, compute, and check; Montague, 1997) , encourages active learners by developing plans and monitoring and evaluating a whole process of problem solving. Third, sequential multiple representation instruction provides multiple modes of representations such as concrete manipulatives and pictorial and symbolic representations in a sequential manner as they translate into each other. This instruction type aligns with Bruner's work (1966) where he proposed three modes of representation (i.e., Enactive, Iconic, and Symbolic representation) based on the cognitive development of children, helping students to think and store information in multiple ways. Fourth, the computer-based instruction design allows students to virtually manipulate mathematical ideas in a computer-assisted environment and in the context of constructivist learning. Instructions are structured and designed to utilize computer tools and internet sources efficiently, with various scaffolds embedded to support problem solving.
Standard/Typical Instruction
The use of a control-comparison group is essential in intervention research to isolate the independent variable while minimizing other potential confounding variables. This allows a control-comparison group not receiving an intervention to serve as a reference to determine the effects of the intervention and better frame the context of the intervention effects. In addition to the four instructional categories, we examined the control-comparison groups described in 11 studies (Bottge, 1999; Bottge & Hasselbring, 1993; Bottge et al., 2014; Bottge, Heinrichs, Mehta, & Hung, 2002; Courey, Balogh, Siker, & Paik, 2012; de Castro, 2008; Gabriel, Coché, Szucs, Carette, & Rey, 2012; Kurumeh & Achor, 2008; Moyer-Packenham & Suh, 2012; Onu, Eskay, Igbo, Obiyo, & Agbo, 2012; and classified it as standard/typical instruction. Additionally, four studies (Butler, Miller, Crehan, Battitt, & Pierce, 2003; Jordan et al., 1999; Kellman et al., 2008; Sidney & Alibali, 2015) provided no or insufficient description of the control-comparison groups' instruction, and seven studies did not use control-comparison groups (Bottge, Rueda, & Skivington, 2006; Bottge, Rueda, Grant, Stephens, & Laroque, 2010; Bottge, Rueda, Serlin, Hung, & Kwon, 2007; Flores & Kaylor, 2007; Kelly et al., 1990; Reimer & Moyer, 2005; Roschelle et al., 2010) .
The 11 studies that included detailed descriptions of the control groups' instructional activities included five common instructional features: (a) lesson introduction, (b) model and demonstrations by teachers and/or videos, (c) guided practice with teacher support, (d) feedback and corrective instruction, and (e) independent practice activities. Although no specific intervention strategy was used in the control groups, general focus areas emerged within the five common instructional features, such as (a) use of key words to determine operation, (b) identifying extraneous and relevant information, (c) class discussions, (d) representations, and (e) emphasis on rules and standard algorithms. It is important to note that many of these focus areas and instructional features are highlighted in the previous research syntheses by Misquita (2011) and Shin and Bryant (2015) as potentially effective interventions.
We considered the instruction conducted in controlcomparison (or business-as-usual) conditions described in the studies as standard/typical instruction, where typical problems in basal mathematics textbooks were used (e.g., typical text-based word problem instead of contextualized video-or computer-based problem) and teachers taught the content based mostly on a teacher-directed delivery format utilizing the five instructional features previously described.
Dependent Measures
All of the studies evaluated student outcomes (i.e., solution accuracy) as a product of achievements reflecting efficacy of instruction. We identified five mathematics domains within fractions as follows: (a) conceptual understanding (C), (b) procedural skill (P), (c) word problem (WP), (d) contextualized problem (CP), and (e) mixture (M; overall proficiency in fractions). We operationally defined types of fraction problems associated in each of these domains based on previous research (e.g., Shin & Bryant, 2015) , and on theoretical framework provided in the work of Behr, Lesh, Post, and Silver (1983) . Based on the idea that fractions comprise multifaceted and interrelated sub-constructs (e.g., part-whole/partitioning, ratio, operator, quotient, and measurement; see Brousseau, Brousseau, & Warfield, 2004; Charalambous & Pitta-Pantazi, 2007) , Behr et al. suggested a model linking these sub-constructs to different problem types.
First, dependent measures of conceptual understanding reflect students' proficiency in understanding of fractions as numbers, fraction equivalence and ordering, relationship between numerator and denominator, comparing and judging the magnitudes of fractions, and part-whole/partitioning of fractions (NMAP, 2008) . For this study, problem types primarily measuring conceptual understanding of fractions involved finding the part or finding the whole (e.g., a partwhole model was shown, and students were asked to provide a fraction for the shaded area, or were asked to shade an appropriate portion of the area for a given fraction), comparing fractions by reasoning their magnitudes, explaining fractions using writing or drawings, and finding unit fractions.
Second, dependent measures categorized as procedural skill reflect students' capability of carrying a sequential procedure during a solution process and proficiency of computation using abstract notations (Miller & Hudson, 2007) . Among the five sub-constructs of fraction, problems underpinning the operator construct primarily measure fraction computation skills with four basic operations (addition, subtraction, multiplication, and division). In this study, problem types for the procedural skill domain included fraction computation where fraction is presented symbolically either vertically or horizontally, finding missing values to make equivalence fractions, and discriminating among algorithms of the four operations (Kelly et al., 1990) .
Third, both the word problem and contextualized problem categories are commonly used to measure mathematical problem-solving ability using fractions to solve problems anchored in real-life situations, which requires an integrated set of mathematical knowledge. However, dependent measures of these two domains are categorized separately, because problem presentations are different in that word problems are given with text while contextualized problems are given with video clips. For these reasons, some studies evaluated these two measures separately (e.g., Bottge, 1999) . Lastly, measures that involve various types of problems rather than focusing on a specific domain were considered as a mixture of problems evaluating overall proficiency in fractions.
Purpose of the Study
The purpose of our systematic synthesis of the literature was to expand on previous literature reviews (Misquitta, 2011; Shin & Bryant, 2015) by making three unique contributions. First, we coded and analyzed all possible types of classroom instruction designed to enhance students' mathematical achievement in fractions-related content. Second, we identified whether students received appropriate educational benefits by analyzing the efficacy of fraction intervention when compared to standard/typical instruction. Third, we reviewed intervention effects specifically for students with mathematical difficulties (i.e., students with low achievement and students with disabilities) in order to evaluate whether intervention satisfied their unique needs and yielded significant growth in fraction achievement by making a comparison with standard/typical instruction.
This study aims to provide insights and guidance to intensify instruction and interventions addressing the historically poor performance demonstrated in the area of fractions. The following research questions guided this study:
1. How do ESs in fraction instructions vary across levels of each of two grouping variables (instruction type and achievement group) in each of the five domains of dependent measures in fraction achievement (conceptual understanding, procedural skills, word problems, contextualized problems, and mixture)? 2. Are ESs of fraction instructions for students with mathematical difficulties greater than those for students at or above typically achieving students? More particularly, are ESs of fraction instruction for students with disabilities greater than for students with low achievement? 3. Are ESs of fraction intervention greater than standard/typical instruction in each of the five domains of dependent measures in fraction achievement? If yes, how do the ES differences between fraction interventions and standard/typical instruction relate to students with mathematical difficulties?
METHODS
Study Identification
We conducted a systematic literature search to examine peerreviewed experimental intervention studies targeting fractions for all school-aged students from elementary to high school. The search was completed in three steps to identify potential studies. First, three electronic databases -ERIC, PsychINFO, and ProQuest -were used with combinations of the following descriptors: fraction, math*, computation, equival*, ordering, comparing, problem*, learn*, teach*, instruct*, intervention*, disabilit*, struggl*, at-risk, difficult*, low-achiev*, low perform*. Second, references in relevant studies that included a literature review (Misquitta, 2011; Shin & Bryant, 2015) were examined to identify studies satisfying our inclusion criteria. The range of publication date was not restricted for the search; however, all studies were published between 1990 and the present, which may reflect recent trends and standards suggested in the NCTM (2000). Three researchers independently completed the search procedure, resulting in the identification of 60 peer-reviewed studies for consideration.
Inclusion Criteria
The 60 potential studies were thoroughly examined based on the following inclusion criteria. First, we chose studies that were conducted using an experimental group design.
Non-experimental studies such as longitudinal (e.g., Mazzocco et al., 2013; Saxe, Gearhart, & Nasir, 2001 ), concept/theory (e.g., Hecht & Vagi, 2012; Siegler & Pyke, 2013) , or case study (e.g., Newton et al., 2014) types were excluded. Our initial criteria focused on experimental studies including both group design and single-case research design; however, we restricted our inclusion to group studies involving randomized, quasi-, and independent group studies with a comparison group. When considering the nature of calculating ESs, studies with group and single-case designs should be analyzed and compared differently (Cooper, Hedges, & Valentine, 2009 ). But since only two studies (Joseph & Hunter, 2001; Test & Elli, 2005) satisfying the rest of the criteria used a single-case design, there were limitations in summarizing and generalizing findings; therefore, this study included group studies only. Second, the studies chosen focused on fractions as instructional content and involved classroom mathematics instruction designed to enhance students' fraction achievement. Third, we chose studies in which the participants were elementary, middle, and high school students. In general, fractions are first introduced in elementary grades (Grade 3 or 4) and are taught throughout middle school (CCSS, 2015; NCTM, 2000 NCTM, , 2008 , indicating that fractions are one of the critical topics that students learn during this period. We also included high school students because fraction-related content is embedded in advanced mathematics domains (e.g., problem solving with knowledge of fraction properties), and because fraction is an instructional target for high school students who have great difficulty in mathematics, including those with disabilities. We excluded studies if participants were pre-or in-service teachers (e.g., Gersten & Kelly, 1992; Lewis, 2014) . Lastly, studies were chosen that provided sufficient quantitative information to calculate ESs. For some studies that did not directly provide quantitative statistics, we used Graphclick software to extract graphical data (Burtler, Miller, Crehan, Battitt, & Pierce, 2003) or calculated the estimates of prerequisite information from provided statistics in order to calculate appropriate ESs for this meta-analysis (Courey et al., 2012) . As a result, a total of 22 studies satisfied all the criteria above and were included in the analysis.
As a result, 22 of 60 studies satisfied all the criteria above and were included in the analysis and assumed to be independent of each other. We considered that all of these included studies were conducted under similar conditions (e.g., classroom instruction, fractions as instructional contents); therefore, the studies are considered replicates and allow inference to a population mean ES of instruction on fraction achievement of U.S. school-aged students from our sample of studies. Hence, we assumed homogeneity in the studies sampled, except for sampling error, something that might occur when sampling studies into the observed sample.
Coding Procedure
After a thorough examination for final inclusion, participant characteristics, instruction characteristics, dependent-measure characteristics, and other additional study characteristics were coded with the predetermined categories and operationally defined, in order to classify information for ease of analysis and drawing of practical implications.
Categorization of Variables
Three variables used in this study were categorically coded and aggregated as follows. First, achievement group (n = 5): high-achieving students (H); typical-achieving students (T); low-achieving students, including students at risk for disabilities (L); students with disabilities, including students having IEP goals or receiving special services (D); and a mixture of achievement levels in inclusive setting (I). Studies were coded with the five achievement group categories based on student information provided. In over 90 percent of included studies, achievement level was determined by state-wide test score in mathematics or disability diagnosis with academic IEP goals. If a study was conducted in an inclusive classroom involving varying achievement levels of students, we considered this population as including mixed achievement levels.
Second, instruction type (n = 5). In response to our research questions examining whether fraction interventions proposed in previous studies are more effective than standard/typical instruction, we considered traditional or business-as-usual instruction conducted in control groups as one type of instruction. Because intervention is a special type of instruction devised with instructional scaffolds (e.g., teaching sequence and strategy), the word instruction in this study indicates an upper category of coding variables that includes intervention as well as standard/typical instruction. Based on the instructional categories utilized in the previous syntheses (e.g., Misquitta, 2011) , the 18 specific intervention types we initially identified were categorized into four main types (contextualized video instruction [instr1], cognitive and meta-cognitive strategy instruction [instr2], sequential multiple representation instruction [instr3], and computerbased instruction [instr4]), after researchers discussed the interventions based on common instructional components provided in the studies (see Table 1 ). For example, CRA (Courey et al., 2012) and CRA with card game activity (Gabriel et al., 2012) were categorized into the same category, sequential multiple representation instruction, as CRA was a main instructional structure regardless of some variations in added instructional components. Considering standard/typical instruction (instr5) as one type of instruction, we identified a total of five instruction types (i.e., four interventions and standard/typical instruction) for this study, under which all of the specific types of instruction that emerged in the 22 studies were categorized.
Third, dependent measure (n = 5). Conceptual understanding (C), procedural skill (P), word problem (WP), contextualized problem (CP), and mixture (M; overall proficiency in fractions). Among the dependent measures, 33 percent measured procedural knowledge of fractions, which was the greatest portion among five domains, with over 90 percent measured with researcher-developed curriculum-aligned measure types. Although different (2012) Meta-cognitive strategy Sidney & Alibali (2015) Cognitive strategy to link to prior knowledge Butler et al. (2003) CRA + RA Courey et al. (2012) CRA in music context de Castro (2008) RA + Cognitive model Gabriel et al. (2012) CRA + Card game Jordan et al. (1999) CRA Kurumeh & Achor (2008) CA (Cuisenaire rods) Moyer-Packenham & Suh (2012) CA (Physical manipulatives) CRA (link conceptual and procedural using multiple representation) Flores & Kaylor (2007) Cognitive and meta-cognitive strategy in direct instruction Kelly et al. (1990) Instructional design curriculum Kellman et al. (2008) Perceptual learning modules with visual representation Kellman et al. (2008) Perceptual learning modules with visual representation Moyer-Packenham & Suh (2012) Computer-based virtual manipulatives Reimer & Moyer (2005) Computer-based virtual manipulatives Roschelle et al. (2010) TechPALS1 Roschelle et al. (2010) iSucceed NOTE. CI = Contextualized instruction; EAI = Enhanced anchored instruction; CRA = Concrete-Representational-Abstract multiple representation learning sequence; RA = Representational-Abstract; CA = Concrete-Abstract; TechPALS1 = Technology mediated Peer Assisted Learning; instr1 = anchored instruction; instr2 = cognitive and meta-cognitive strategy instruction; instr3 = multiple representation instruction; instr4 = computer-based instruction.
instruments were used in different studies for a given domain of dependent measure, we assumed they measure the same construct and are linearly exchangeable.
Inter-Observer Agreement
Inter-Observer Agreement (IOA) was calculated by dividing the number of agreements by the number of agreements and disagreements, and then multiplying by 100. Three researchers independently coded study information for reliability in two parts: (a) achievement group (H, T, L, D, and I), and (b) instruction type (instr1, instr2, instr3, instr4, and instr5) and dependent measure domain (C, P, WP, CP, and M). For the achievement group variable, we randomly selected 8 out of 22 studies (36.36 percent) to calculate reliability via data coding. For the instruction type and dependent measure, three researchers independently coded all of the 22 included studies after being given an explanation of each category we defined for this study. As a result, we achieved 100 percent mean IOA for the first part, and 89 percent for the second part, but reached 100 percent for the second part after researchers discussed the discrepancies that occurred in data categorization.
Data Analysis
Each of 22 studies sampled involved more than one ES; and nth ES for ith dependent measure, jth instruction type, and kth achievement group was defined as, T ijk;n (i, j, k = 1, . . . , 5; n = 1, . . . , g k ) where g k is the number of ESs included in kth achievement group. A total number of ESs of study realization could be described as 5 k = 1 g k . Based on the purpose of our study, ES variation as a function of two grouping variables was analyzed for each T i.. (i = 1, . . . , 5).
ES Calculation
The sample estimate of standardized mean difference, Cohen's d, turned out to have a slight bias, which tends to overestimate the absolute value of standardized mean difference parameter. This biased estimate could be adjusted by a simple correction called Hedges's g in order to achieve an unbiased estimate (Hedges & Olkin, 1985) . In 22 experimental studies, all ESs were converted to Hedges's g, which could be calculated in two ways. First, when a study reported mean and standard deviation for repeated measures, Cohen's d ijk;n was firstly calculated as,
, where (X ijk;n ) pre and (X ijk;n ) post were unadjusted pre-and post-test means and (S ijk;n ) pre was the unadjusted pre-test standard deviation. Knowing that one of our purposes for the analysis was to compare the efficacy of intervention to standard/typical instruction, we considered the control group as one type of independent treatment group; therefore, Cohen's d ijk;n was calculated separately, as if there were two treatment groups without a control group. Second, when a study did not provide a mean or standard deviation but reported F-or t-statistics instead (eight studies in the current analysis), Cohen's d ijk;n was cal-
, where n 1 , n 2 are the sample sizes in the two groups. All of the Cohen's d ijk;n s and their variances were then adjusted to estimate Hedges's g, T ijk;n , and its variance, ν ijk;n with following computations:
), where n 1 , n 2 are the sample sizes in the two groups. All the ESs were weighted by the reciprocal of the variance of T ijk;n , ν ijk;n . And by using dot notation, weighted group mean ES for ith group was calculated as,
, where w ijk = 1/v ijk , in order to achieve an unbiased estimate to correct small sample bias (Hedges & Olkin, 1985) . ESs for the five domains of dependent measures were calculated separately, and ESs were aggregated if a study reported more than one outcome under the same domain (e.g., if a study reported outcomes in two contextualized-problem tests, two corresponding ESs were aggregated).
Statistical Analysis
A principal purpose of the current study was to explore the relationship between grouping variables and ESs on multiple outcomes (i.e., dependent measures); therefore, we employed a multifactor analysis of variance model for ESs separately for each dependent measure. This analysis is analogous to conventional ANOVA in that omnibus tests for main effects, interactions, and within cell variation are computed, but with the use of the weighted sums of squares to calculate Q statistics instead of F in order to test for heterogeneity of variance among ESs. In addition, this model of analysis allowed us to examine variability in ESs for each dependent measure as a function of two grouping variables (instruction type and achievement group).
We employed a fixed-effect model to make inferences only about the ES parameters in the set of included studies because we were cautious about making broad general inferences, given the limited sample size of the studies. We assumed that the ESs among studies might vary from each other due to sampling errors, not due to unexplained heterogeneity. This decision was supported by Cooper et al. (2009) that a fixed-effect model is more appropriate and provides a better explanation than a mixed-or random-effect model in the context of limited sample size (p. 280). For each domain of dependent measure, we determined whether all of the ESs were estimating the same population mean and whether ESs were consistent across levels of each grouping variable or combinations of grouping variables by calculating a homogeneity statistic Q (Hedges & Olkin, 1985) . The Q i was distributed as chi-square with k − p degrees of freedom, where k was the total number of ESs included in the ith dependent measure, and p is the number of levels of groups (Lipsey & Wilson, 2001) . A significant total of ith dependent measure Q i indicated that variability across ESs exceeds what would be expected based on sampling error; a significant Q i,B indicated ESs across levels of a grouping variable vary per ith dependent measure (Cooper et al., 2009 ). We conducted planned contrast (specific comparisons) among the levels of variables of interest in order to formulate responses to the research questions. A post hoc multiple comparison with Bonferroni correction was used in order to determine specific a priori differences that the omnibus test might not have been powerful enough to detect (Cooper et al., 2009) .
RESULTS
A total of 22 experimental studies involving fraction intervention for elementary to high school students were identified. Publication dates ranged from 1990 to 2015, which may reflect recent trends and standards in mathematics (CCSSI, 2015; NCTM, 2014) . The sample size used for the analysis was 8,313, approximately twice as large as the original size, since we separated out a control group and considered it as one type of treatment group. In terms of overall sample characteristics, grade level spanned from third to twelfth, with slightly over 70 percent of our sample being middle school students (Grades 5-8; 13 studies), followed by elementary (Grades 1-4; 6 studies) and high school students (Grades 9-12; 4 studies). Students' achievement levels were categorized into five groups, with 42 percent of students being in a mixture of achievement levels and 29 percent of students being in the disability group.
We first presented the moderator analysis using the calculated ESs to determine if ESs vary across the two grouping variables (instructional type and achievement group) in each of the dependent measure domains (Research Question #1). Second, we presented the contrast results of fraction instructions between students with and without mathematical difficulties, where we addressed differentiated instruction impact for low-achieving students and students with disabilities. Next, among students with mathematical difficulties, instruction effects of students with disabilities and those with low-achievement are compared (Research Question #2). Finally, we presented the relative effectiveness of interventions against standard/typical instruction. We specifically presented the contrast results of intervention effectiveness against standard/typical instruction for students with mathematical difficulties, in order to know if the previous interventions have successfully tailored to and responded to diverse academic needs of students with disabilities (Research Question #3).
Moderator Analysis
In order to determine how ESs vary across the grouping variables, we completed a moderator analysis (Research Question #1). Table 2 shows the weighted means and standard errors for ESs for each domain of dependent measure. A total homogeneity statistic Q i was partitioned into between-group heterogeneity Q i,B and within-group heterogeneity Q i,W . In all of the five domains of dependent measures, we found that Qs were significant, justifying the need for grouping variables to explain heterogeneity of ESs.
Therefore, we analyzed whether instruction type (instr) and achievement group (ach) created heterogeneous distributions of the ESs; in other words, whether the ESs varied across levels of each grouping variable. Table 2 presents Q components for each grouping variable along with the mean ESs and significance for each level. The instruction type was a significant moderator in three domains (conceptual understanding, Q instr = 9.79; procedural skills, Q instr = 100.86; and contextualized problem, Q instr = 32.42) and for achievement group in two domains (procedural skills, Q ach = 78.42; word problem, Q ach = 12.11). This indicates that the grouping variables did not coherently moderate across the different domains of dependent measure; however, similar patterns of ESs were identified across some domains (i.e., ESs of levels of grouping variables showed similar patterns in some dependent measure domains).
For instruction type, contextualized video instruction (instr1), sequential multiple representations (instr3), and standard/typical instruction (instr5) were significantly effective for all of the three domains where instruction type was a significant moderator, with ESs in the ranges of 0.96 to 2.27, 0.75 to 0.88 and 0.60 to 0.93. Interestingly, ES of standard/typical instruction (instr5) was greater than ES of sequential multiple representations (instr3) for both conceptual and procedural domains, and ESs of both instruction types were similar in the word problem domain, indicating that interventions failed to yield a positive impact when compared to standard/traditional instructions. For achievement group, instructions produced improvements in fraction achievement for both students with disabilities (Groups D) and low-achieving students (Group L) in two significant domains (procedural skill and word problem), indicating that students with mathematical difficulties received benefits over previous years. Efficacy was doubtful for typical-achieving students (Group T) in procedural skills but significant in word problems.
Comparison among Mean ESs
After grouping variables with significant Q statistics (i.e., moderators) were identified, we conducted planned comparisons in order to investigate specific patterns of differences of mean ES (Research Question #2 and #3). A sample contrast g was calculated using coefficients (c 1 . . . c i , i 1 c i = 0), based on our need to estimate contrast parameter γ . Although Q statistics were not significant in some variables (e.g., ach was not a significant moderator in conceptual understanding domain, Q ach = non-significant at p = .05), we still included them in the analysis to test specific a priori differences, since the test might not have been powerful enough to detect significances, especially when sample size is small (Cooper et al., 2009 ). As shown in Table 2 , ESs were aggregated depending on our interest and were compared to each other with a contrast statistic g. A positive g indicated that the mean ES of the right side of a comparison pair was greater than that of the left side (e.g., ES A > ES B when contrast g is positive for A vs. B comparison).
Comparisons of Achievement Groups
We examined whether outcomes of fraction instruction were effective for students in both the students with disabilities (Group D) and low-achieving students (Group L) groups, when compared to other groups of students. In addition, we specifically compared ESs between students with disabilities and low-achieving students, where we examined the differentiated instruction impacts for each of the two groups with mathematical difficulties. The purpose was to evaluate whether educational effort in mathematics instruction, specifically on the fraction-related topics, had been successfully implemented for students who needed academic support (Groups D and L). Again, weighted ESs were compared in each domain of dependent measure, as shown in Table 3 .
In the conceptual understanding domain, ESs were greater for students with mathematical difficulties (i.e., students with disabilities and low-achieving students) when compared to students in a mixture of achievement levels (Group I). ESs were also greater for low-achieving students (Group L) than for students with disabilities (Group D), indicating that the low-achieving group received more benefit from the instruction than students with disabilities (Group D), though both comparisons were not statistically significant at p = 0.05. In the procedural skill domain, the mean ES was significantly greater for the students with disabilities (Group D) and low-achieving students (Group L) when compared to students whose achievement level was at or above typical levels (χ 2 = 25.19, p < 0.01), and mean ES was even greater for low-achieving students (Group L) than it was for students with disabilities (Group D), although it was not statistically significant at p = 0.05.
Moreover, in the word problem domain, ESs were also significantly greater for students with disabilities and lowachieving students when compared to other mixed-and typical-achieving students (Groups I and T; χ 2 = 3.71, p < 0.10); and low-achieving students (Group L) showed greater ES than students with disabilities (Group D). In the contextualized problem domain, ESs were greater for students with disabilities (Group D) and low-achieving students (Group L) when compared to the other groups, which is similar to the other four domains of dependent measure. In contrast, mean ES was greater for students with disabilities (Group D) than it was for low-achieving students (Group L), although it was not significant at p = 0.05. Therefore, we examined a common pattern: that fraction instructions were more effective for students with mathematical difficulties than students at NOTE. ES = effect size; instr = instruction; instr1 = anchored instruction; instr2 = cognitive and meta-cognitive strategy instruction; instr3 = multiple representation instruction; instr4 = computer-based instruction; instr5 = standard/typical instruction; ach = achievement group; D = students with disabilities; L = low-achieving students; T = typical-achieving students; H = high-achieving students; I = inclusive (mixture) achievement level; IV = independent (grouping) variable; K = number of effect sizes. Significant Q statistic indicates effect sizes vary as a function of grouping variables. * p < .05. * * p < .01. * * * p < .001. 
. K = number of measures/effect sizes; instr = instruction; instr1 = anchored instruction; instr2 = cognitive and meta-cognitive strategy instruction; instr3 = multiple representation instruction; instr4 = computer-based instruction; instr5 = standard/typical instruction; ach = achievement group; D = students with disabilities; L = low-achieving students; T = typical-achieving students; H = high-achieving students; I = inclusive (mixture) achievement level * p < .05. * * p < .01. * * * p < .001.
or above typical achievement level, and particularly more effective for students with low achievement than for students with disabilities in all domains of dependent measure, except for contextualized problem domain.
Intervention vs. Standard/Typical Instruction
We examined whether intervention targeting fractions that have been suggested and conducted in previous studies was more effective than standard/typical instruction. Four types of instruction (instr1 to instr4) were aggregated to represent overall intervention and were compared with standard/typical instruction (instr5) in each domain of dependent measure. Table 3 specifically shows comparisons of weighted ESs supported by contrast statistics, g, and standard errors to test significance. First, for the conceptual understanding domain, the ES for standard/typical instruction (instr5) was greater than the mean ES of intervention (instr2, instr3, and instr4; χ 2 = 0.79), but not significant enough that g failed to exceed 95 percent confidence interval (CI) for the contrast parameter γ , −0.43 ≤ γ ≤ 0.13. Comparisons of instruction were not analyzed by achievement group because of the limited information provided.
Second, in the procedural skill domain, the ES for standard/typical instruction (instr5) was significantly greater than the integrated mean ES of intervention (instr1 to instr4), which produced a pattern similar to that in the conceptual understanding domain (χ 2 = 11.76, p < 0.01). Regardless of instr2 and instr4 being omitted, the mean ES of standard/typical instruction (instr5) was still significantly greater than the mean ES of intervention (instr1 and instr3) for students with disabilities (Group D; χ 2 = 5.51, p < 0.05); however, the intervention was more effective than standard/typical instruction (instr5) for low-achieving students (Group L; χ 2 = 7.26, p < 0.01). This indicates that instruction that was uniquely designed to improve students' fraction achievement (i.e., intervention) rarely showed benefits when compared to the usage of standard/typical instruction.
Third, in the word problem domain of dependent measures, in contrast to the comparison result for the conceptual understanding and procedural skill domains, the integrated mean ES for intervention (instr1 and instr3) was greater than that for standard/typical instruction (instr5), though it was not statistically significant (χ 2 = 1.4, p < 0.05). This pattern of ES differences was similar for students with disabilities (Group D) but not for the low-achieving students (Group L). Fourth, in the contextualized problem domain, we found that the mean ES for interventions was significantly greater when compared to mean ES for standard/typical instruction (instr5). This pattern held statistically the same across achievement groups (Group D for students with disabilities, χ 2 = 7.96, p < 0.01; Group L for students with low achievement, χ 2 = 23.86, p < 0.01).
DISCUSSION
As fraction performance is one of the critical factors that predict overall mathematics proficiency (Bailey et al., 2012) , there is a growing emphasis on learning fraction. A growing body of research is concentrating on finding a golden remedy to improve students' fraction achievement (e.g., Bottge et al., 2014; Courey et al., 2012; Newton et al., 2014; . However, national and international statistics (NAEP, 2015; National Center for Education Statistics [Aud et al., 2013] ) continue to show poor student mathematical achievement, especially in fraction-related content domains, along with a significant achievement gap between students with mathematics difficulties and their typical-achieving peers. Therefore, educational reform in mathematics is needed to enhance U.S. students' mathematical achievement by identifying factors that significantly affect or hinder their growth in learning fraction. In order to suggest future directions, it is critical to determine whether interventions are appropriately designed to address students' needs and to help them produce better outcomes. The first step is to evaluate the overall efficacy of previously conducted mathematics intervention aimed at helping to enhance students' fraction performance. The major purpose of this study was to analyze the efficacy of previously reported fraction interventions conducted for students in various grade and achievement levels when compared to standard/typical instruction. To that end, we investigated whether these interventions targeting fractions for struggling students significantly improved performance on fraction measures compared to standard/typical instruction. Our interest was also in how intervention effectiveness varied across or related to certain variables (instruction type and achievement group). Additionally, we were specifically interested in students with mathematics difficulties, including students with disabilities and students with low achievement, because of their historical challenges with learning fractions. Our study findings provide insights into fractions instruction and extend the current knowledge base on interventions focused on improving learning, particularly for struggling students and students with disabilities.
Instruction Type Impact
The results indicated that instruction type was a significant moderator in three domains (conceptual understanding, procedural skill, and contextualized problem). More particularly, contextualized video instruction, sequential multiple representation, and standard/typical instructions were significantly effective for all of these three domains, although a wide range of ESs was evident (0.60 and 2.27). This finding indicated that standard/typical instruction as well as contextualized video and sequential multiple representation instructions could effectively enhance students' achievement in overall fraction-related domains. The most notable findings are as follows. First, the findings pertaining to sequential multiple representations particularly confirmed and extended the findings of prior studies (e.g., Carbonneau, Marley, & Selig, 2013; Cramer & Wyberg, 2009; Strickland & Maccini, 2012; Witzel, Riccomini, & Schneider, 2008 ) that have reported strong efficacy when using sequential multiple representations to teach various mathematics domains (e.g., fractions, decimals, problem-solving). The use of multiple representations is also supported by national reports and standards recommending that teachers actively use multiple representations (NCTM, 2014) . The second notable finding is that contextualized video instructions, especially EAI, involved some components of explicit instruction in the lessons, along with the main video-based anchor and related hands-on activities. This indicates that their significant effects may have not been solely due to the video-anchored instruction and that supporting explicit instruction also played a role. Clearly, researchers have not yet identified the specific components of specially designed instruction that are necessary, or the appropriate interaction of those components to positively impact the learning of fractions for students with disabilities.
The last notable finding in our analysis is that standard/typical instruction without special components was also effective for teaching fractions. With that said, it is difficult to determine what actually comprised the standard/typical instruction because it was most often used as the comparison group and was not described in detail in the included studies; nonetheless, it is an unexpected finding. One plausible explanation for the lack of differences between standard/typical instruction and interventions is the fact that many of the comparison groups' instruction included features found effective in previous syntheses of fraction interventions (Misquitta, 2011; Shin & Bryant, 2015) . Additionally, the comparison groups included instructional components often identified in the general collection of research on effective mathematics instruction for students with disabilities (e.g., Gersten et al., 2009; NMAP, 2008; Zheng et al., 2013) . This finding should serve as a notice that research addressing the specific needs of students with disabilities is still underdeveloped and in need of significant attention.
Achievement Group Impact
Overall, fraction instructions were effective across all achievement groups in the two domains of word problem and contextualized problem, both of which are heavily dependent on problem-solving skills. Because problem solving involves an integrated set of skills and knowledge of mathematics (e.g., computation, and understanding sequential solving of algorithms), it is not at all surprising that positive instruction effects were evident, even though it was a wide ES range (0.43 to 2.14), for diverse achievement levels of students.
As one of our main interests was to examine the impact of fraction instructions on students experiencing difficulties in mathematics, we specifically analyzed in what areas of dependent measure this struggling group of students received instructional benefits, and what the differentiated effects were for each achievement group of students with disabilities and for those with low achievement. We identified that fraction instructions were most effective for students who have difficulties in mathematics (i.e., students with low achievement and those with disabilities) in all of the fraction domains except for the mixture domain, although achievement group was a significant moderator only in the procedural knowledge and word problem domains. Our contrast analysis even confirmed that effectiveness of fraction instructions for students with mathematical difficulties was greater than those at or above typical achievement levels across all domains of dependent measure. In particular, students with disabilities benefited more than students with low achievement only in contextualized problem domain, whereas instructions were more effective for students with low achievement than for those with disabilities in conceptual, procedural, and word problem solving domains. These findings demonstrated that more students in the low-achievement group responded to instruction with a greater improvement than students with disabilities, implying that instructions could have designed to target tier 1 and 2 levels in a response-to-intervention framework. This further reiterates the need for more intensive and specially designed instruction that accounts for the specific instructional needs of students with disabilities (Riccomini et al., 2017) .
Interventions Compared to Standard/Typical Instruction
To further clarify the effectiveness of fraction interventions related to overall fraction achievement and domainspecific fraction achievement, ESs of intervention, regardless of their type, were aggregated and compared with those of standard/typical instruction. Our results indicated that fraction interventions yielded significant improvement in only two problem-solving related domains (word problem and contextualized problem) when compared to standard/typical instruction, whereas standard/typical instruction was more effective than interventions in the conceptual understanding and procedural skill domains. Specifically, we found that contextualized video instruction and sequential multiple representation-based interventions successfully promoted students' problem-solving ability in the word problem and contextualized problem domains more than standard/typical instruction; however, the effects of cognitive and metacognitive strategies, sequential multiple representation, and computer-based interventions were questionable in their ability to enhance students' conceptual understanding and procedural skills in problems involving fractions.
We also examined intervention effect against standard/typical instruction for students with disabilities and those with low achievement in particular, in order to know if the previous interventions have been successfully tailored to each group of students' needs. Overall, the interventions were more effective than standard/typical instructions for two problem-solving domains (word problem and contextualized problem) across achievement groups. This pattern held the same for students with disabilities but students showed more improvement from standard/typical instruction in the procedural skill domain. In contrast, for students with low achievement, interventions were more favored than standard/typical instruction in the procedural skill and contextualized problem domains, while standard/typical instruction led to more improvement than interventions in the word problem solving domain. To recap, interventions failed to produce significant improvements in the conceptual understanding and procedural skill domains of fractions, particularly for students with disabilities.
Given that the intervention is expected to be designed to target students' areas of difficulties in a more intensive approach when standard instruction does not, it is unlikely that the specific components included in the interventions were effective, and, even more significantly, standard/typical instruction without special components was more effective in three domains. Although this finding indicates that standard/typical instruction should be favored when teaching conceptual and procedural knowledge of fractions, it also implies that interventions were not successful in addressing the instructional needs of students with disabilities and possibly had no significant influence on growth in their fraction achievement. Clearly, more work is needed to develop effective interventions with specially designed instruction to better address the conceptual and procedural knowledge of fractions, as well as considering the unique learning characteristics of students with disabilities.
Implications for Researchers and Educators
The implications for researchers and educators in the field of mathematics education and special education are threefold. First, we encourage researchers to examine whether interventions appropriately target students' difficulties within fractions. Although interventions were more effective than standard instruction when teaching fraction problem-solving (word problems and contextualized problems), our results showed there were fewer benefits to using intervention than there were to teaching in a standard way, particularly in the domains of conceptual understanding and procedural skill of fractions. This implies the need to intensify intervention in ways that better focus on students' basic understanding of fractions. Because conceptual understanding and procedural computation skills involving fractions are pre-requisite abilities and predict mathematics achievement, it is imperative to identify and evaluate specially designed interventions targeting both conceptual and procedural understanding of the properties of fractions.
Second, we encourage educators to use multiple representations, especially when teaching students who struggle severely in mathematics. Multiple representations are not only evidence-based instruction in general mathematics domains, but our findings also confirmed the positive effects of using multiple representations on fraction achievement, especially when teaching the conceptual and procedural knowledge domains of fractions. This also connects to the national attention reflected in NCTM (2014) and CCSS (2015), as well as the body of research on Concrete to Representational to Abstract instructional sequence. Third, we encourage educators to make some specific adjustments for students with disabilities. Even though instruction was effective for students with mathematics difficulties when compared to typical-or high-achieving students, the effectiveness of instruction was greater for students with low achievement than it was for those with disabilities in most of the domains of fractions. Clearly, students with disabilities require more intensive and specially designed interventions if we are to expect meaningful improvement in their performance (Fuchs, Fuchs, & Malone, 2017; Fuchs, Malone, Schumacher, Namkung, & Wang, 2016) .
There are at least five possible limitations in our analysis. First, the small sample size was a primary limitation in generalizing our findings. Because we categorized dependent measures into five domains and analyzed them separately, sample sizes were divided into five unequal pieces, which produced large standard errors and difficulty in getting significant statistics. In addition, our decision to employ a fixedeffect model limited generalizing our findings to samples in different conditions and characteristics when interpreting the results. Recognizing the nature of meta-analysis -that not every study is identical, even if we realized a sample of studies with similar conditions -readers should be cautious in making inferences to the larger population. Second, while the purpose of this study was to compare the overall efficacy of intervention to standard/typical instruction, it was difficult to combine all of the different sets of intervention types to represent an overall intervention across five domains of dependent measures. Third, there exists a limitation related to the coding categories used for instruction (e.g., contextualized video, cognitive and metacognitive strategy, sequential multiple representations, computer-based, standard/typical instructions). Although we based our instructional categories on the previous synthesis (e.g., Misquitta, 2011) , different researchers may code the interventions differently because there are inherent overlaps of instructional design features across the interventions. Our coding placed an emphasis on the major instructional components included in each intervention. Fourth, the studies analyzed did not report about the specific classroom curriculum that was used in the standard/typical instruction group, and therefore its potential impact on student performance could not be accounted for. Fifth, although we desired to include scholarly verified studies (i.e., peerreviewed articles) only, there might have been publication bias when interpreting the findings.
